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WITH DISABILITIES ACT SECTION 508 


For the convenience of visually impaired readers of this report using text-to-
speech software, additional descriptive text has been provided in the appendix 
for graphical images contained in this report to satisfy Section 508 of the 
Americans with Disabilities Act (ADA). 
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EXECUTIVE SUMMARY 


This report summarizes findings of a small population study of light and medium trucks that are 
hydraulically braked, and are required to meet FMVSS No. 105.  The primary goal of these tests 
was to perform full service brake stops to determine how the stopping performance relates to the 
current FMVSS No. 105 requirements.  The second goal was to explore the braking capabilities 
of existing vehicles at speeds greater than those of the current stopping distance requirements. 
Two medium trucks (a 2001 Chevrolet K-3500 with “as-received” and new OEM brakes and 
tires and a 2004 Ford F-450) were tested using the 2nd and 3rd effectiveness procedures of 
FMVSS No. 105. One light truck (a 2003 Ford E-350 van) was tested using the 1st, 2nd, and 3rd 

effectiveness procedure of FMVSS No. 105. 

For two load conditions, each vehicle was tested with a straight-line stop (full brake pedal 
application) on a dry, high-coefficient-of-friction surface.  The initial braking speeds tested were 
30, 60, and 70 mph.  The FMVSS No. 105 standard 30- and 60-mph tests were repeated six times 
each, but the experimental 70-mph tests were repeated just twice - to limit possible overheating 
of the brakes. Time history data was not taken.  Initial braking speed and stopping distance were 
measured using a ground-contact fifth wheel.  All measured stopping distances were corrected to 
the desired initial braking speeds, using the standard method as prescribed in SAE J299.1 

Individual brake temperatures and brake pedal forces were monitored.  The driver was instructed 
to perform a full brake application stop without modulation of the pedal, within reasonable safety 
limits.   

Data tables include measurements for both minimum stopping distance and calculated means. 
Graphical results are shown with histobars illustrating average stopping distance with 95-percent 
confidence intervals. Also shown are the current stopping distance requirements of FMVSS No. 
105. The margins of compliance are shown for the minimum and average stopping distance with 
the current FMVSS No. 105 requirements in tabular format.  A margin of compliance of 50 
percent, for example, would correspond with the stopping distance being half of the requirement.   

Each stop performed with the Chevrolet K-3500 (with both as-received and new OEM 
replacement brakes) and Ford F-450 (new vehicle) met the current stopping distance 
requirements of FMVSS No. 105.  The 2nd and 3rd effectiveness procedures for the Chevrolet K-
3500 and the Ford F-450 (GVWR and LLVW, respectively) showed similar patterns.  Each 2nd 

effectiveness run of these vehicles had a consistently smaller margin of compliance than the 
corresponding 3rd effectiveness run. The Ford F-450 at 60 mph had a consistently smaller 
margin of compliance than either configuration of the Chevrolet K-3500 at 60 mph.  The 
Chevrolet K-3500, in the “as-received” configuration, had a slightly greater margin of 
compliance than it did with new OEM brakes.  The Ford E-350 met the current FMVSS No. 105 
requirement for each test phase and initial speed.  For an experimental initial braking speed of 70 
mph (at GVWR), the Ford E-350 with the lightest test weight, had the longest average stopping 
distances, and the largest 95-percent confidence interval.  Based on the constant deceleration 
method, the Ford E-350 exhibited an indication of fade from an initial vehicle speed of 70 mph. 
The other vehicle brake configurations from 70 mph did not.  Comparison showed that the mean 
stopping distances were generally within 4 percent of the minimum stopping distance for each 
test and initial speed. 
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1.0 BACKGROUND AND OBJECTIVES 

Currently, the FMVSS No’s. 105 and 121 braking performance requirements (i.e., those used for 
medium- and heavy-duty trucks) allow for longer stopping distances than specified in FMVSS 
No. 135 (i.e., those used for passenger cars). It has been found that this discrepancy in stopping 
distance is one of the causes for truck-related fatalities in North America.2  NHTSA believes that 
brake technology exists for large commercial vehicles that could reduce stopping distances by as 
much as 30 percent.2  NHTSA’s Vehicle Research and Test Center (VRTC) has performed 
extensive research on pneumatically-braked commercial vehicles, which fall under FMVSS No. 
121.3 4 

The primary goal of these tests was to perform full service brake stops for a small population of 
light and medium trucks to determine how the stopping performance relates to the current 
FMVSS No. 105 requirements.  Each vehicle was equipped with ABS hydraulic brakes that fall 
within FMVSS No. 105. The study measured the stopping distance performance of vehicles 
configured with all-wheel disc brakes on a dry, high-coefficient-of-friction surface. 

A second goal was to experimentally determine the effectiveness of the existing braking systems 
when pushed to higher initial braking speeds, such as 70 mph. 
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2.0 TEST VEHICLES 

2.1 Description and Overview of the Three Trucks Tested 

One light and two medium sized trucks were selected for the tests performed in this study.  The 
light truck was a 2003 Ford E-350 XLT Super Duty Econoline passenger van, purchased by 
NHTSA for use in another program.  The two medium trucks were: (1) a 2001 Chevrolet 
Silverado K-3500 and (2) a 2004 Ford F-450 XL Super Duty stake body truck. Both medium 
trucks had dual rear wheels and were leased vehicles.  Each truck was configured with ABS 
modulated hydraulic disc brakes on all wheels.  An overview of the test vehicles and descriptions 
of their respective brakes, tires, and ABS is listed in Tables 1 and 2. 

To achieve their Gross Vehicle Weight Ratings (GVWR), the vehicles were loaded as follows:  

¾	 The Ford E-350 was loaded with 13 water dummies strapped to the seats and extra ballast 
strapped onto the floor. 

¾	 The Chevrolet K-3500 was loaded with sandbags in the bed to a height level with the top 
of the sides of the bed. 

¾	 The Ford F-450 was loaded with a single concrete ballast block elevated above the load 
deck on a one-foot pedestal. The concrete block weighed approximately 4,250 lbs.   

For both the E350 and the K3500, ballast components were individually small, which enabled 
fine weight adjustment to nearly the exact GVWR.  However, for the F-450, a large concrete 
block was used as ballast, so the exact GVWR weight was approximated.  The FMVSS No. 105 
requires a maximum or gross vehicle weight rating, but does not specify a tolerance about the 
limit.  Since identical trucks, but which are equipped with air brakes, are allowed a GVWR 
tolerance of GVWR +0 percent to -2 percent in TP-121V.  Therefore, that GVWR tolerance 
specification was applied here. Hence the 180-lb variance was -1.2 percent, which was within 
TP-121V specification for an equivalent weight truck (for the F-450).  In each vehicle case, the 
ballast was positioned in a way that did not cause the front or rear Gross Axle Weight Ratings 
(GAWR) to be exceeded.   
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Table 1:  Overview of Test Vehicles 

Vehicle 2003 Ford E-350 XLT 
Super Duty Van 

2001 Chevrolet 
Silverado K-3500 

2004 Ford F-450 XL 
Super Duty 

Mileage on Odometer When 
Acquired 895 10,564 89 

Lightly Loaded Vehicle 
Weight-LLVW, lbs 6,580 7,280 10,140 

Gross Vehicle Weight 
Rating-GVWR, lbs* 9,100 (9,100) 11,400 (11,390)** 15,000 (14,820)** 

Wheelbase, inches 138 157.5 164.8 

Track Width-Front/Rear, 
inches 69.4/67 68.6/74.7 68.7/74 

CG Longitudinal Distance 
from Steer Axle C.L. (LLVW), 

inches 
72.4 71.8 101.7 

CG Longitudinal Distance 
from Steer Axle C.L. (GVWR), 

inches 
88.5 91.6 106.5 

*The actual gross (as tested) vehicle weight is listed in parentheses 

**Due to logistics the exact GVWR of the vehicle was not achieved, however weight was within 


acceptable tolerance of GVWR +0%, -2%. 


Table 2:  Components: Brakes, Tires, and ABS 

Vehicle 2003 Ford E-350 XLT 
Super Duty Van 

2001 Chevrolet 
Silverado K-3500 

2004 Ford F-450 XL 
Super Duty 

ABS System OEM; 4 wheel standard OEM OEM; 3S/3M with steer 
individual control 

Steer Axle Tire LT245/75R16E Goodyear 
Wrangler HT 

LT215/85R16  M + S 
Goodyear Wrangler AT/S 

225/70R19.5 General 
LMT 

Drive Axle Tire LT245/75R16E Goodyear 
Wrangler HT 

LT215/85R16  M + S 
Goodyear Wrangler AT/S 

225/70R19.5 General 
LMT 

Steer Axle Brake 
Rotor 

Motorcraft; Cast; Vented;  
YC2J-2C501-CA 

AC Delco Vented; 12.795 
in x 1.490 in 

OEM; Vented Center; 14.5 
in x 1.5 in; F81Z-1125-AB 

Drive Axle Brake 
Rotor 

Motorcraft; Cast; Vented;  
YC2Z-1V125-BA 

AC Delco Vented 12.795 
in x 1.184 in 

OEM; Vented Center; 14.5 
in x 1.5 in; F81Z-2CO26-

AA 

Steer Axle Brake 
Pads 

Motorcraft; Lining code: 
MPV-2000-EE 

AC Delco; Block 1: 
AKNS161H; Block 2: 

EF12243 
OEM; BR-1269 

Drive Axle Brake 
Pads 

Motorcraft; Lining code: 
MPV-2000-EE 

AC Delco - Block 1: 
AKNS161H; Block 2: 
EF27181, EF26211, 
EF2Y064, EF2Y071 

OEM; BRS-24 
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2.2 Test Conditions and Procedures 

The primary goal of the tests presented in this paper was to perform straight-line brake stops and 
compare their resulting stopping distances to the current FMVSS No. 105 requirements.  The test 
procedure according to FMVSS No. 105 calls for the vehicle to undergo 1st, 2nd, 3rd, and 4th 

effectiveness tests.  For research purposes, an experimental test was added to the matrix to 
determine the braking capabilities of the existing vehicles at increased initial braking speeds.   

According to FMVSS No. 105, the 1st effectiveness test, which is performed at GVWR, calls for 
pre-burnish straight-ahead stops on a high-coefficient-of-friction (dry) surface.  The 2nd 

effectiveness test is a repeat after the brakes have been burnished and with the vehicle loaded to 
GVWR. The 3rd effectiveness test is another repeat of the 2nd effectiveness test, only with the 
vehicle unloaded to LLVW.  The 4th effectiveness, which is a set of brake stops with a partial 
failure in the system, was not performed on these vehicles.    

The leased Chevrolet K-3500 was considered to have “as-received” brakes and tires, which were 
burnished through previous testing at VRTC; therefore, it did not go through the 1st effectiveness 
procedure. But, to comply with the testing procedure of using “new OEM” type components (as 
was used on the other vehicles in this program), a second test was run using new components. 
The new OEM brakes and tires for this vehicle were burnished before these tests.  Both the “as-
received” brakes and the new OEM brakes underwent the 2nd and 3rd effectiveness tests. 

Since the Ford F-450 was a new vehicle, its brakes were subjected to the burnish procedure 
before the 2nd and 3rd effectiveness tests were run. For brevity, no pre-burnish tests were 
performed for the F-450 (i.e., 1st effectiveness). 

As stated previously, the Ford E-350 was also an established NHTSA test vehicle.  Since there 
was significant wear on the tires and brakes, and the conditioning was unknown, they were 
replaced with new OEM parts before testing.  Following the 1st effectiveness procedure, the 
brakes were burnished. Then, the 2nd and 3rd effectiveness tests were performed. 

After completing the compulsory panic stops from 30 and 60 mph, two experimental stops from 
70 mph were run, to explore the braking capabilities of existing brakes beyond the current 
requirements of FMVSS No. 105.  A list of the loading conditions and initial braking speeds for 
each vehicle configuration is shown in Table 3.   
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Table 3: Test Conditions 

Vehicle FMVSS No. 105 
Test Phase 

Initial Braking 
Speed, mph 

1st Effect (GVWR) 
30 

60 

Ford E-350 
2nd Effect (GVWR) 

30 

60 

70* 

3rd Effect (LLVW) 60 

Chevrolet K-3500 
(as received) 

2nd Effect (GVWR) 60 

3rd Effect (LLVW) 60 

2nd Effect (GVWR) 
60 

Chevrolet K-3500 
(new brakes & tires) 

70* 

3rd Effect (LLVW) 
60 

70* 

30 
2nd Effect (GVWR) 60 

F-450 70* 

3rd Effect (LLVW) 
60 

30 

* The experimental stops from 70 mph are not required under FMVSS 
No. 105. They are for research purposes only. 

Table 4 lists the minimum stopping distances required by FMVSS No. 105.  Under FMVSS No. 
105, the stopping distance requirement is dependent upon vehicle GVWR, initial speed and the 
testing phase (i.e., 1st, 2nd, 3rd, or 4th effectiveness). Stopping distance requirements for the 
Chevrolet K-3500 and Ford F-450, which have a GVWR greater than 10,000 lbs, are in a 
different category than the Ford E-350, which has a GVWR between 8,000 and 10,000 lbs, 
inclusively. 
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Table 4: FMVSS No. 105 Current Requirements 

Vehicle FMVSS No. 105 
Test Phase 

Initial Braking 
Speed, mph 

Current Minimum 
Stopping Distance 
Requirements, feet 

30 72 
1st Effect (GVWR) 

60 267 

GVWR ≥ 8,000 lbs 
and ≤ 10,000 lbs 30 57 

2nd Effect (GVWR) 
60 216 

3rd Effect (LLVW) 60 242 

30 78 

GVWR > 10,000 lbs 

2nd Effect (GVWR) 
60 310 

3rd Effect (LLVW) 
30 84 

60 335 

Under each condition, the vehicle was tested with a straight-line stop performed on a dry, high-
coefficient-of-friction surface.  Since all vehicles had ABS-controlled brakes, the driver was 
instructed to perform a full brake application stop without modulation of the pedal, unless 
excessive brake lockup occurred. 

Using a skid trailer, peak friction coefficients were measured between 0.99 and 1.02, and slide 
coefficients, between 0.80 and 0.87. 

Time-history data were not taken.  Vehicle speed and stopping distance were measured using a 
ground-contact fifth wheel. All measured stopping distances were corrected to the intended 
initial braking speed, using the standard method as prescribed by SAE J299.1  Individual brake 
temperatures and brake pedal force were monitored by the driver during both burnish snubs and 
effectiveness stops.   
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3.0 TEST RESULTS  

Results are presented two-fold. First, the minimum stopping distance of six stops initiated from 
a speed of 30 and 60 mph (and the two stops from 70 mph) are presented in tabular format. 
Second, results are displayed graphically and in tabular format, including the calculated means of 
the six (or two) stop data sets.  Note that the experimental 70-mph stops were performed for 
research purposes and are not requirements of FMVSS No. 105. 

3.1 Minimum Stopping Distance Results 

Currently, FMVSS No. 105 requires that a vehicle stop shorter than the maximum allowable 
stopping distance at least once in six stops. Table 5 lists the minimum stopping distances 
measured (of the compulsory six stops) and their respective margins of compliance with the 
current FMVSS No. 105 standard.  The percent margin of compliance (%MC) is calculated using 
the following equation: 

%MC = 
SD	105 − SD 

×100 (1)
SD105 

where SD105 is the current FMVSS No. 105 stopping distance requirement and SD is the 
minimum of the six test stops. 

Additionally, data for the experimental 70-mph tests are included in Table 5, for comparison to 
the standard minimum stopping distances at 30 and 60 mph.  Since no standard exists for these 
70-mph stops, no margins were calculated (the table cells are listed as “does not apply” or 
”DNA”). 
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Table 5: Minimum Vehicle Stopping Distances for All Tests and Margins of Compliance With Current 
FMVSS No. 105 for Required Stops From 30 and 60 mph   

Vehicle FMVSS No. 105 
Test Phase 

Initial Braking 
Speed, mph 

Minimum 
Stopping 

Distance, feet 
%Margin of 
Compliance 

1st Effect (GVWR) 
30 50.5 29.9 

60 198.0 25.8 

Ford E-350 
2nd Effect (GVWR) 

30 48.3 15.3 

60 193.9 10.2 

70* 286.4 DNA 

3rd Effect (LLVW) 60 153.8 36.4 

Chevrolet K-3500 
(as received) 

2nd Effect (GVWR) 60 160.5 48.2 

3rd Effect (LLVW) 60 153.3 54.2 

2nd Effect (GVWR) 
60 172.1 44.5 

Chevrolet K-3500 
(new brakes & tires) 

70* 241.0 DNA 

3rd Effect (LLVW) 
60 154.3 53.9 

70* 214.0 DNA 

30 45.7 41.4 
2nd Effect (GVWR) 60 183.5 40.8 

F-450 70* 254.3 DNA 

3rd Effect (LLVW) 
60 153.8 54.1 

30 43.4 48.3 

*The experimental stops from 70 mph are not required under FMVSS No. 105.  They are for research 

purposes only. 


DNA = does not apply, here. 


3.2 Mean Stopping Distance Results 

To establish a more reliable prediction of the performance that can be expected from a particular 
population, the mean is considered in the following results.  Average stopping distances are 
listed in Table 6, along with the respective margins of compliance with the current FMVSS No. 
105 standard for the 30- and 60-mph stops.  As with the minimum stopping distance results, the 
percent margin of compliance (%MC) is calculated using Equation 1 (however the mean 
stopping distance is now used instead of the minimum stopping distance for SD in Equation 1).   
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Table 6: Mean Vehicle Stopping Distances and Margins of Compliance With Current FMVSS 
No. 105 

Vehicle Test Phase Initial Speed, 
mph 

Mean Stopping 
Distance, feet 

%Margin of 
Compliance 

1st Effect (GVWR) 
30 51.6 28.3 

60 203.4 23.8 

Ford E-350 
2nd Effect (GVWR) 

30 49.3 13.5 

60 196.4 9.1 

70* 294.1 DNA 

3rd Effect (LLVW) 60 157.5 34.9 

Chevrolet K-3500 (as 
received) 

2nd Effect (GVWR) 60 165.8 46.5 

3rd Effect (LLVW) 60 154.9 53.8 

2nd Effect (GVWR) 
60 177.9 42.6 

Chevrolet K-3500 (new 
brakes & tires) 

70* 241.1 DNA 

3rd Effect (LLVW) 
60 159.6 52.4 

70* 216.4 DNA 

30 47.5 39.1 
2nd Effect (GVWR) 60 192.9 37.8 

F-450 70* 255.0 DNA 

3rd Effect (LLVW) 
60 160.4 52.1 

30 45.2 46.2 

*The experimental stops from 70 mph are not required under FMVSS No. 105.  They are for research 

purposes only. 


DNA = does not apply, here. 


Mean stopping distance results are displayed in Figures 1-5.  Results are grouped by vehicle and 
initial braking speed.  Histobars illustrate average stopping distances and are shown with error 
bars representing 95-percent confidence intervals.  Current FMVSS No. 105 requirements are 
shown. For brevity, test categories are combined in Figures 1-5.  As previously mentioned, the 
Chevrolet K-3500 and Ford F-450 were only tested with the 2nd and 3rd effectiveness procedures. 
Therefore, the 2nd effectiveness results are provided in the GVWR graphs (Figures 2 and 4) and 
the 3rd effectiveness are provided in the LLVW graphs (Figures 1 and 3).  Table 7 in the 
appendix has a detailed data list of the mean, minimum, maximum, standard deviation, 95-
percent confidence intervals and the current, FMVSS No. 105 requirements for each set of tests.  
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Figure 1:  Average stopping distance comparison for the Ford F-450 at LLVW (3rd Effectiveness) condition 
from an initial speed of 30 mph.  95-percent confidence intervals are plotted at the end of the histobar. 
Current FMVSS No. 105 requirement is shown.  The numeric label is the mean of six stops.  

Figure 2:  Average stopping distance comparison for vehicles at GVWR condition from an initial speed of 30 
mph. 95-percent confidence intervals for all observations are plotted at the end of the histobars.  Current 
FMVSS No. 105 requirements are shown.  Numeric labels are the means of six stops. 
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Figure 3:  Average stopping distance comparison for vehicles at LLVW (3rd Effectiveness) condition from an 
initial speed of 60 mph.  95-percent confidence intervals for all observations are plotted at the end of the 
histobars. Current FMVSS No. 105 requirements are shown.  Numeric labels are the means of six stops. 

Figure 4:  Average stopping distance comparison for vehicles at GVWR condition from an initial speed of 60 
mph. 95-percent confidence intervals for all observations are plotted at the end of the histobars.  Current 
FMVSS No. 105 requirements are shown.  Numeric labels are the means of six stops. 
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Figure 5: Average stopping distance comparison for vehicles from an “experimental” initial braking speed of 
70 mph.  95-percent confidence intervals for all observations are plotted at the end of the histobars.  Numeric 
labels on the bars are the means of two stops.  Note: there are no current stopping distance requirements for 
stops from initial braking speeds of 70 mph.  These 70-mph stops were performed for research purposes only. 
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4.0 DISCUSSION AND CONCLUSIONS  

This chapter discusses where the vehicles used in this study rank with respect to the current 
FMVSS No. 105 requirements.  First, conclusions are made based on the shortest stop observed 
during six stops. Currently, FMVSS No. 105 requires a vehicle to stop shorter than the 
maximum allowable distance at least once within six stops.  Second, conclusions are made based 
on a mean of six standard stops initiated at 30 and 60 mph (and two experimental stops from 70 
mph). As previously stated, the mean is considered to be a more reliable prediction of the 
performance that can be expected from a particular population if the brakes are fully burnished 
prior to the first stop. 

4.1 Minimum Stopping Distance Requirements 

Based on Table 5, the Ford E-350, the Chevrolet K-3500 (as-received and with new OEM brakes 
and tires), and the Ford F-450, met the current FMVSS No. 105 requirements for each test phase 
and initial speed.   

Comparison of Tables 5 and 6 shows that the mean stopping distance is generally within 4 
percent of the minimum stopping distance for standard tests.  Because of this relatively small 
difference, using the mean stopping distance does not change the results or rankings.  The close 
groupings are largely the result of these trucks being equipped with ABS and the brakes being in 
a fully burnished condition at the start of the testing.  It should be noted that FMVSS No. 105 is 
written to accommodate vehicles with or without ABS.5  For vehicles without ABS there may be 
larger differences between mean and minimum stopping distances due to dispersion in the data 
collected. 

4.2 Further Technical Discussion with Mean Stopping Distance 

Observation of Figures 1-4 and the margins of compliance in Table 6, reveal that each stop, 
made with the Ford E-350, the Chevrolet K-3500 (as-received and with new OEM brakes and 
tires) and the Ford F-450, met the current FMVSS No. 105 requirements.   

In general, vehicles with a heavier load condition have longer stopping distances.3 6 Currently, in 
FMVSS No. 105, light and medium trucks with a GVWR of 8,000 lbs or greater, under a LLVW 
(3rd effectiveness) condition, are permitted to have longer stopping distances than under a 
GVWR (2nd effectiveness) load condition.  Because of this, the means of the GVWR runs (for 
the Chevrolet K-3500 and Ford F-450) had consistently smaller margins of compliance than did 
each of the respective LLVW runs (see Table 6).              

When the vehicles’ 60-mph stops are considered, comparison shows that the Ford F-450 had a 
consistently smaller margin of compliance than either of the Chevrolet K-3500 brake 
configurations. For example, at GVWR, the Ford F-450 had a 37.8-percent margin of 
compliance, whereas the Chevrolet K-3500 (as-received and with new OEM brakes) had a 46.5-
percent and 42.6-percent margin of compliance, respectively.           
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Comparing the two configurations for the Chevrolet K-3500, the “as-received” condition had a 
slightly greater margin of compliance than it did with new OEM brakes (properly burnished per 
FMVSS No. 105) and new tires.  The differences were 1.3 percent and 3.9 percent for LLVW 
and GVWR configured vehicles, respectively (Table 6). The stopping distance results are 
statistically similar for both brake configurations in the LLVW condition, whereas the results are 
statistically different in the GVWR configuration with the “as-received” being shorter (Figures 3 
and 4). The reasons for this difference are not known. 

Figure 5 displays the experimental results from the stops with an initial maneuver entrance speed 
of 70 mph.  As previously mentioned, FMVSS No. 105 limits are not shown because 70 mph is 
not an initial speed requirement under the current standard.  Of the stops at GVWR, the Ford E-
350 had the lightest test weight (9,100 lbs), but the longest average stopping distance.  Of the 
three vehicles, at an initial speed of 70 mph, the Ford E-350 also had the largest 95-percent 
confidence interval. 

An indication of fade can be found by projecting the 70-mph stopping distance from 60 mph (by 
using constant deceleration theory) by multiplying by the ratio of (70)2/(60)2. A stopping 
distance greater than the projected may indicate that the brakes are exhibiting fade during the 
stop. The Ford E-350 had a greater stopping distance, 294.1 ft (Table 6 and Figure 5), than the 
projected stopping distance of 267.3 ft. Although brake temperatures were not recorded, the 
authors believe that brake fade is primarily responsible for this discrepancy.  The other vehicle 
brake configurations exhibited stopping distances shorter than those projected.  Their projected 
70-mph stopping distances from 60 mph were 242.1 ft, 217.2 ft and 262.6 ft for the Chevrolet K-
3500 (2nd effectiveness), the Chevrolet K-3500 (3rd Effectiveness) and the Ford F-450 (3rd 

Effectiveness), respectively.  Therefore, brake fade does not appear to be occurring during a 70-
mph stop for these two medium trucks. 

The authors recommend that a follow-up study be conducted to identify the population 
distribution and performance of all-drum, drum/disc combination, and all-disc brakes on current 
production single unit trucks (SUTs). 

14




REFERENCES 


1.	 Society of Automotive Engineers, SAE Handbook, Recommended Practice SAE J299, 
“Stopping Distance Test Procedure,” September 1993, Equation (1). 

2.	 NHTSA Vehicle Safety Rulemaking Priorities: 2002-2005 
(http://www.nhtsa.dot.gov/cars/rules/rulings/priorityplan/index.html#secIV). 

3.	 Dunn, A.L., and Hoover, R.L. “Class 8 Truck Tractor Braking Performance Improvement 
Study, Report – 1, Straight Line Stopping Performance on a High Coefficient of Friction 
Surface.” NHTSA Technical Report, DOT HS 809 700, January 2004. 

4.	 Hoover, R.L., Howe, J.G., and Flick, M.A. “Single-Unit Truck and ABS Braking-In-A-
Curve Performance Test.” NHTSA Technical Report, DOT HS 808 941, February 1999. 

5.	 CFR Title “Transportation” No. 571.105, FMVSS Braking Standards, October 2002. 
(http://www.access.gpo.gov/nara/cfr/waisidx_99/49cfr571_99.html). 

6.	 King, S.E. “Methodology Study for the Consumer Braking Information Initiative, Phase 
II.” U.S. Army Aberdeen Test Center, NHTSA Technical Report, ATC 8260, May 2002. 

15


http://www.nhtsa.dot.gov/cars/rules/rulings/priorityplan/index.html#secIV
http://www.access.gpo.gov/nara/cfr/waisidx_99/49cfr571_99.html


A
PP

E
N

D
IX

 

T
ab

le
 7

: 
R

aw
 D

at
a 

fo
r 

Fi
gu

re
s 1

-5
.  

A
ll 

D
at

a 
Po

in
ts

 U
se

d 
in

 th
e 

Pr
ev

io
us

 F
ig

ur
es

. 

16 


Ve
hi

cl
e 

FM
VS

S 
N

o.
 1

05
Te

st
 P

ha
se

 

In
iti

al
B

ra
ki

ng
 

Sp
ee

d,
m

ph
 

St
op

pi
ng

 D
is

ta
nc

e,
 fe

et
C

ur
re

nt
 F

M
VS

S 
N

o.
 

10
5 

M
in

im
um

St
op

pi
ng

 D
is

ta
nc

e 
R

eq
ui

re
m

en
t, 

fe
et

 
M

in
 

m
ax

 
m

ea
n 

st
an

da
rd

 
de

vi
at

io
n 

95
%

 C
.I.

 

Fo
rd

 E
-3

50
 

1s
t E

ffe
ct

 (G
V

W
R

) 
30

 
50

.5
 

52
.7

 
51

.6
 

0.
73

 
0.

59
 

72
 

60
 

19
8.

0 
21

1.
3 

20
3.

4 
4.

88
 

3.
90

 
26

7 

2n
d 

E
ffe

ct
 (G

V
W

R
) 

30
 

48
.3

 
50

.3
 

49
.3

 
0.

71
 

0.
57

 
57

 

60
 

19
3.

9 
20

0.
8 

19
6.

4 
2.

69
 

2.
15

 
21

6 

70
 

28
6.

4 
30

1.
9 

29
4.

1 
10

.9
6 

15
.1

9 
D

N
A

 

3r
d 

E
ffe

ct
 (L

LV
W

) 
60

 
15

3.
8 

16
4.

9 
15

7.
5 

4.
07

 
3.

26
 

24
2 

C
he

vr
ol

et
 K

-3
50

0 
  

(a
s 

re
ce

iv
ed

) 
2n

d 
E

ffe
ct

 (G
V

W
R

) 
60

 
16

0.
5 

17
4.

7 
16

5.
8 

5.
12

 
4.

10
 

31
0 

3r
d 

E
ffe

ct
 (L

LV
W

) 
60

 
15

3.
3 

15
7.

7 
15

4.
9 

1.
55

 
1.

24
 

33
5 

C
he

vr
ol

et
 K

-3
50

0 
(n

ew
 b

ra
ke

s 
&

 ti
re

s)
 

2n
d 

E
ffe

ct
 (G

V
W

R
) 

60
 

17
2.

1 
18

1.
6 

17
7.

9 
3.

43
 

2.
75

 
31

0 

70
 

24
1.

0 
24

1.
1 

24
1.

1 
0.

04
 

0.
04

 
D

N
A

 

3r
d 

E
ffe

ct
 (L

LV
W

) 
60

 
15

4.
3 

16
3.

3 
15

9.
6 

3.
26

 
2.

61
 

33
5 

70
 

21
4.

0 
21

8.
8 

21
6.

4 
3.

42
 

2.
73

 
D

N
A

 

Fo
rd

 F
-4

50
 

2n
d 

E
ffe

ct
 (G

V
W

R
) 

30
 

45
.7

 
49

.7
 

47
.5

 
1.

45
 

1.
16

 
78

 

60
 

18
3.

5 
20

3.
5 

19
2.

9 
8.

85
 

7.
08

 
31

0 

70
 

25
4.

3 
25

5.
7 

25
5.

0 
0.

97
 

0.
77

 
D

N
A

 

3r
d 

E
ffe

ct
 (L

LV
W

) 
60

 
15

3.
8 

16
5.

0 
16

0.
4 

4.
35

 
3.

48
 

33
5 

30
 

43
.4

 
46

.8
 

45
.2

 
1.

33
 

1.
06

 
84

 

*T
he

 e
xp

er
im

en
ta

l s
to

ps
 fr

om
 7

0 
m

ph
 a

re
 n

ot
 re

qu
ire

d 
un

de
r F

M
VS

S
 N

o.
 1

05
.  

Th
ey

 a
re

 fo
r r

es
ea

rc
h 

pu
rp

os
es

 o
nl

y.
 

D
N

A
 =

 d
oe

s 
no

t a
pp

ly
, h

er
e.

 



DOT HS 809 722

April 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


